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SUMMARY 

The e f fec t s  of Reynolds number and body corner radius on the aerodynamic 
charac te r i s t ics  of a m o d e l  of the proposed MSC Space Shut t le  Orbiter 
have been investigated and the  r e su l t s  a r e  presented. 
nodif led May 19% baseline shape, was t es ted  i n  the  Ames =-Foot Pressure 
rllnd Tunnel during November 1969. 

The model, a 

An exploratory invest igat ion of the aerodynamic cha rac t e r i s t i c s  of the 
proposed MSC Space Shu t t l e  Orbiter was conducted i n  the Ames 6- by 6 - ~ o o t  
Wind ! h n n e l a n d  the r e s u l t s  reported i n  reference 1. It was suspected that 
the SUbSOniC data fo r  t he  o r b i t e r  a t  large angles of a t t a c k  may be 8 st rong 
function of the body c m e r  r a d i u s  and the test Reynolds number; hence, 
tha t  the results may not be representat ive of fill sca le  f l i gh t .  This 
suspicion was based upon experimental data f o r  two-dimensional non-circular 
cylinders (reference 2) which shared that the cross flaw and r e su l t an t  
forces  changed rap id ly  a t  a c r i t i c a l  Reynolds number 
c r i t i c a l  Reynolds number being s t rongly dependent on cylinder corner radius. 
A further inveftigation of the o r b i t e r  was undertaken, therefore,  to deter- 
mine the e f f e c t s  of Reynolds number and corner radius on the aerodynamic 
cha rac t e r i s t i c s  a t  high angles of a t tack.  The r e su l t e  are presented herein 
without analysis t o  expedite release of the data, 

-- the value of this 

The invest igat ion was conducted i n  the Ames =-Foot Pressure Wind 
Tunnel during Rovember 1969, (Test No. 12-464). 
t i o n s  included Mach numbers of 0.3 t o  0.5 (most of tests were limited t o  
0.3), Reynolds numbers of 1.4 x IO6 to 8.7 x 10 6 per foot,  angles of attack 
from -6 t o  75 degrees, and angles of sideslip f'rm -10 to 9 degrees. 
"mcept f o r  modifications t o  allow changes i n  corner r a d i u ,  the m o d e l  ma 
the game as that invest igated i n  reference I. 

The range of test condi- 

A l l  moments have been calcul.ated 
on Figure 4. 

for the moment; center locat ion aham 

chord, 0.2317 f't 
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s t a b i l i t y  and body axis pitching moment ux.fx'icier:;, p i  !,cF,inf: 
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body axis normal-force coefficienf , r!cma. t ' cv -c .~ /q ;  

body axis normal force coefficient, w ~ a : , ?  force/ S 
%a 2 

body axis yawing-moment coeff icj-en I , ,  ;-awing rnclrgrci i! 5% 

s t a b i l i t y  and body axis side forci. we''€':-cient, 

% 
f t i ~ ~ . e / r ~ m S  

drag, 1b 
free-stream Mach number 

tunnel Mach number uncorrected f;ir bLs-kage 



0.0 inches 
113 local body width 
0.16 inchee 
0.24 inches 
0 . 9  inchee 
0.24 inches forward of wing) 
0.0 inches apt of wing) 

horizclntal stabilizer ( f i g u r e  6) 
hor-lzoD'ial stabilizer (Figure 6) 
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M, S. model oiat ion,  inches 
~j:t3.P&L a t a h i l i z e r  (Figure 7) 

+E'i.xed horizontal t a i l  extension i n s t a l l e d  with H (see Figure 4). 5 

This inventigation was conducted In  the 12-Foot Pressure Wind 7'iJ me1 
J : :  clrder t o  provide the required Reynolds numbers. 

The model -ma a n  0.02-scale version of t h e  proposed Manned Spacecraft 
i.entcr Space Shut t le  o rb i t e r  May 1969 basel ine modifled t o  approxfmat.-. 
hugunt 15, 1969 baseline- 
Lhroagh 7 and photographs of the  model are eharh i n  Figure 8. 
I lmns ions  End areas of the  model are presented in mble I. 

Sketches of t he  m o d e l  are shown i%Mgure.r 1 
Pr im !jar 

The m o d e l  was t b e  same 8s that invest igated in reference i exce;ri 
:,kt it was modified t o  allow for a change in t h e  body lower surf'cc 
corner r a d i u s .  
and a varying radius equal t o  1/3 the body width at that body statla- 
I n  addition, the effect o f  two horizontal  tails, H 

Corner radii, r, investigated were 0, 0.16, 0.24, Os?'+ ' ~ 1 1 3 -  

and H was a 3 . o ~  
investigated. 5 8 

'he m o d e l  -was sting mounted 88 shown in Figures 1 through 3. ' E l r  

atinrs, entered the base of the  model a t  8 = 0 and 8 degree6 and e n t e r e d  
t'hrotigh the  t o p  of the m o d e l  a t  8 = 36 degrees. 
angle relationships were required t o  cover the  angle-of-attack and R i t c d  6- - 
:>Y.sjdeslip ranges. 

Three sting-to-mode! 

MEASUREMENTS AND-coRREcTIolv3 

Aerodynamic forces and moments were measured with six-compwti:L, 
I n t t  7 7~11, s t r a i n  gage ba-lances; 8 1$ Inch and a 1.0 inch were u ~ e ~ ?  ?(I 

z :m.o through 14 and 15 through 114, respectively.  
were -wrected f o r  base and model cavi ty  pressuree. 

Forces ani? t r  3 T o t l '  : 

- I  . --_ ---.. - - 
St3 .~wL with fixed horizontal  t a i l  extension removed. 
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!?hc Jiiigle ,f attack ,rat :netletired using an angle transducer mounted 
f l 1 J  t he  E u p p w t  yyr:l em. Sf I n y  and balance def lect ion correct ions were 
spr,? IPd 

- .  

(! .= c . i$i:>(jOg6 c z horizontal  s t a b i l i z e r  on 
Ilj m 

- 
horizontal  s t a b i l i z e r  off 

'The correct ions tipplied i.0 the free-stream Mach nwnber for model 
h3.oc.4we vcre determined a s  follows: 

The ~ J U X ~ I ~  on the Kind-tunnel Pbor (Figure 11, housing part of t h e  model 
support Bystem, introduced iluw srgu l sr l ty  i n  t h e  test section. 
tude of the f l o w  angle W ~ R  of the  order oP 1 t o  2 degrees i n  t h e  v i c i n i t y  
of' Yne nodel when +,he model was at zero angle of a t tack.  With increasing 
angle of a t t ack  the  model moved away from t,he bump i n t o  a region where flow 
angular i ty  diminished i n  mgnitude ~ n i i  imTor tauce .  No correct ion wa8 
uppllled t o  the data, 

The magni- 

Table I1 i a  an index of the data f l p r e e  presented and Table 111 is an  
The 1oagFt~udinal c imracter is t lca  are presented i n  index of completed runs. 

Figures 9 through 34 and the h t e r a i  character ls t ice  in Figures 35 through 
;]L, The data were machice-faired ~ i i l n ~  s t m j o t  l i n e  elements. 

2 ,  Polhamus, EdiJBlil C.: Ef fec t  o f '  r * i l l ~ ~  T Q T ~  ..ie;~zc- arid Reynolds Number 
on I , o w - ~ p - ~ - J  Aerod- .!am' c Character is t ics  of 
S e v e r a l  f :J,' - ; ~ C L I  . ( ' j i  iridere Kith Applicationa 
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Title 
_- - 

of angle of attack on longitudinal 
characteristics with various body corner 
radi j. for body only configuration. 

of angle of attack on 1ongitudinaT' 

complete model configuration. 
(:hamc.teristics with various body corner 

- -  

6 
16 H'{ 

---.-..-- -17 - % 
18 B,W. H > A 5  

U W  7 1  19 
B. W H 7 1 5  

20 

21 ''7'lH8 
22 B8W1Hg 

2 J+ 
B~ 0'5'5 

B8w1H5 

. ---_ 
B W H  
R W H  
7 1 7  
7 1 8  

I 23 

1 e5 -- 

1 26 
I 
L- ._ . - ~ - - .  

characteristics at various Reynolds numbers 
f'or body only configuration, 

_- _ _  __- 

Effect  of angle of attack on longitudinal 
characteristics at various Reynolds c1mbex.z 
for several model configurations. 

.. ~ _ .  - Effect of angle of attack on longTtiG%XZ 
characteristics during model buildup, 
R = 7.5. 

- .- - - -. - _-. I- . . . . . 
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Parameter 

R = 7.5 

B8 

B3 
B6 
B7 
B8 

TABLE I1 (Concluded) 

T i t l e  =.,-:-] 
Effect  of s ides l ip  angle on lateral charac- 
t e r i s t i c s  with various body corner radii for 
complete model configuration, u = 60 dterees, 
Effec t  of s i d e s l i p  angle on lateral charac- 
t e r i s t i c s  at  various Reynolds numbers, 
u = 0 degrees. 

Effect  of s i d e s l i p  angle on lateral charac- 
t e r i s t i c s  at various Reynolds numbers for  
body only configuration, a = 60 degrees. 

v 

B W  7 1  
B W H  7 1 5  
B7w1H8 
B W H  8 1 5  

-- 

Figure 

37 

--F- 

39 
40 

41 
42 

43 
44 

45 
46 
47 
48 

49 

50 
51 
52 

53 

- 

I. 

. -_- 

- ~- 

. -yr- 
--I_-- 

Effect  of s i d e s l i p  angle on lateral charac- 
t e r i s t i c s  at  various Reynolds numbers for 
several  model configurations, u = 60 degrees. 

"-- 

* - - E t  of s i d e s l i p  angle on lateral charac- 
t e r t s t i c s  during model buildup with body Bo, 
a = 6 degrees. 
Effect  of s i d e s l i p  angle on lateral charac- 
teristics during model buildup, a = 60 degrees, 
R = 7 . 5 .  

__-__--- --- 
R = 7.5 E f f e c t  of s i d e s l i p  angle on l a t e r a l  charac- 

terSst ics  fo r  various horizontal  s t a b i l i z e r  
conf-igurstions wi th  body B , a = 60 degrees. 
Vari.a+Aon of lateral cha rac t e r i s t i c s  with 
Mach n ' tuber .  

-- ---. 

.I . --II - 
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TADLE I11 INEX OF RUNS 
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A i l  Dimensions Ln Inches Unless Othenrise Noted 

- T u n n e l  Centerline 

47.19 

F'!~?;L 6 %  1.- Model Location in t h e  Ames 12-Foot Pressure Wind 7 %  1 ~ 9 ;', ' 



A l l  Dimensions in Incbes Unless Otherwise Noted 

Tunnel Centerline 
- L- - 
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47M Rotation for 
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47.19 I 

Figure -'.- Model Location in the Ames U-Foot Fret,: 1 I,. 'I 
1 1'11( I ' , , '; , I -  ,-. , 
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A l l  Dimensions i n  Inches 

4 Figure 7.- Vertical Stabi l izer  V 



( a )  Model i n s t a l l a t i o n  i n  t h e  Ames 12-Foot Pressure Wind Tunnel 

Figure 8. - Photographs of model 
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